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Abstract. The geometry of the Alberta foreland 
basin is generally the result of lithospheric loading 
in the adjacent Cordillera. Sedimentation within the 
Foreland basin was quantified by calculating mass 
accumulation rates to constrain loading events in 
time and space. Rates of mass accumulation for 
Cretaceous units in the basin can be classified into 
low, moderate, and high categories and may related 
to deformation events in the Canadian Cordillera. 
The rates of accumulation show a distinct cyclic 
pattern when plotted against ime. There were two 
major episodes of rapid sedimentation from early 
AptJan to late Campanian time, each preceded by a 
period of relative quiescence. The first lasted from 
approximately 115 to 108 Ma. It shows a 
succession of rapid, moderate, and rapid 
sedimentation events. The second episode of rapid 
sedimentation lasted from approximately 95 to 90 
Ma, and is characterized by three rapid 
sedimentation events separated by short intervals of 
quiescence. Order-of-magnitude changes in 
sediment accumulation in the foreland basin can be 
related to major deformation events in the 
Cordillera. Furthermore, the deformation can be 
located in time and space and evaluated in terms of 
its relative intensity. This delineation of 
deformation indicates that the docking of foreign 
terranes does not necessarily coincide with their 
final accretion and the associated tectonic loading. 
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INTRODUCTION 
Since mid-Jurassic time, western North America 
has been under the influence of a convergent 
tectonic regime which has dominated geological 
processes. With the onset of convergence, the 
passive margin, previously amenable to carbonate 
deposition, changed to a site of active deformation. 
This initiated a phase of foreland basin 
development. As foreign terranes impinged on the 
craton they exerted downward force, causing crustal 
flexure. Sediments eroded from the new relief in 
the orogen were shed eastward, filling the 
downflexed area. Until now, much of the effort in 
trying to understand Cordilleran evolution has 
concentrated on study of the Cordillera itself and 
has provided explanations of the mechanisms and 
structural styles of deformation, but studies have 
only broadly defined the location and timing of 
events because the docking of a terrane does not 
always coincide with major deformation associated 
with its emplacement against or onto the cratonic 
margin. 
Bird [1978], Beaumont [1981], Jordan [1981], 
England [1982], and Stockmal [1984], have 
developed geodynamic basin models which link the 
formation and filling of a basin to the load exerted 
by terrane accretion and thrust and fold belt 
development. As the location and magnitude of 
deformation events is not well known, the approach 
has been that of backward modelling, where the 
existing geometry of the foreland basin is examined 
and iterative loading "scenarios" are tested until 
present-day geometry is reproduced [Beaumont, 
1981]. As present-day geometry can be obtained by 
several different loading histories, this procedure 
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sheds little light on the actual deformation history. 
A foreland basin adjacent to a newly developing 
convergent margin acts as a recorder of orogenic 
deformation. As new relief is generated in the 
orogen, erosion supplies a pulse of sediment o the 
basin which, if preserved, records that deformation 
interval. For example, Puigdefabregas et al. [1986] 
noted that sedimentation in the southern Pyrenees 
foreland basin is linked to three deformation events 
in the eastern Pyrenees, and Johnson et al. [1986] 
examined sediment accumulation in the 
northwestern Himalayan foredeep in the Potwar 
region and were able to define the onset, duration, 
and termination of two major deformation intervals. 
Tankard [1986] related foreland basin 
sedimentation in western Canada to three broad 
stages of Cordilleran development. An initial pulse 
of sediment was deposited during Late Jurassic and 
Early Cretaceous time as terranes accreted to the 
edge of the previously passive margin; a period of 
tectonic quiescence accompanied the 
mid-Cretaceous deposition of thick marine shales; 
finally, Upper Cretaceous sands and coals were 
deposited as Laramide thrusting loaded thermally 
mature continental crust, causing the basin to 
oscillate between overfilled and starved conditions. 
Cant and Stockmal [1989] showed how specific 
clastic wedges may coincide with individual terrane 
accretion events in the Canadian Cordillera. Thus 
most attempts to link sedimentation in the foreland 
basin and deformation in the Canadian Cordillera 
have been based on the present-day geometry of 
individual clastic wedges and the lithology of the 
sediment. 
A more quantitative approach to is to calculate 
sedimentation rates. Turcotte [1980], Watts et al. 
[1982], and Guidish et al. [1984] studied the 
subsidence of a basin as a result of sediment 
deposition and sea level change. The approach used 
is to define specific units, display them by means of 
isopach maps, decompact hem to their original 
depositional thickness, and divide them by the time 
interval they represent [Magara, 1978]. However, 
lateral tectonic stresses, rebound from unloading, 
local zones of overpressure, and changes in rock 
type are uncontrolled variables that introduce a 
large uncertainty [e.g., Pate, 1986]. In the Western 
Canada Sedimentary Basin, this uncertainty is 
compounded by the existence of several 
unconformities, the erosional magnitude of which is 
not precisely known. In addition, decompaction is a 
process applied on a well-by-well basis, making it 
difficult to get a basin-wide characterization of 
sedimentation rates. 
In this study, the primary interest was in the 
change of sedimentation with time, rather than 
subsidence or the absolute sediment load on the 
lithosphere; decompaction uncertainties were 
avoided by considering mass accumulation rate 
rather than sedimentation rate. Maps of mass 
accumulation rate are inherently more reliable than 
those of sedimentation rate as they depend only on 
geological characterization and core analysis data 
and eliminate the need to estimate burial histories. 
Secondary porosity creation or removal introduces 
an error into the mass accumulation rate 
calculation; however, the final mass accumulation 
rate depends primarily on unit thickness and the 
time taken for the deposition of a unit. Regional 
porosity distribution for Cretaceous units shows a 
pattern of compaction-modified porosity decreasing 
towards the thrust and fold belt, with little porosity 
modification on the regional scale. Mass 
accumulation rates are calculated from isopach, 
time zonation, grain density, and porosity data. 
Stratigraphically, the Alberta foreland basin is 
represented by post-mid-Jurassic units of 
dominantly sand and shale, recording approximately 
208 m.y. of depositional history. Prior to early 
Aptian and after late Campanian time, the 
stratigraphic olumn contains angular 
unconformities, making the mass accumulation rate 
difficult to quantify, and is not considered here. 
The study area, covering part of northwest Alberta 
and northeast British Columbia from 54 ø to 58øN 
and 114 ø to 124øW (Figure 1), is extensive nough 
to permit recognition of the migration of 
Cordilleran deformation sites. 
It is unlikely that the Peace River Arch was 
independently tectonically reactivated in the Late 
Cretaceous; no dynamic analysis supports this. 
However, if a localized loading event happened to 
stress the lithosphere in the area of the arch along 
preexisting zones of weakness, it is possible for such 
a loading to have induced minor movement along 
these zones and possible minor uneven response to 
loading. The important point is that reactivation, if 
it occurred, was induced by tectonic loading and did 
not occur independently. We see localized 
subsidence patterns north and south of the arch, 
dating from other periods of localized loading. 
There is no need to invoke reactivation to explain 
structural patterns clearly related to Cordilleran 
deformation. 
PROCEDURE 
The accumulation of sediment within the basin is 
controlled by the creation of space and by sediment 
supply. Space is created through a combination of 
tectonic loading, sediment loading, and eustatic sea 
level fluctuation. Eustatic sea level fluctuation has 
only a second-order effect on basin geometry, and 
this effect is greatest at the feather edge of the 
basin where sea level change can significantly move 
the shoreline [Beaumont, 1981]. Keen and 
Hyndman [1979] showed that eustatic sea level 
change can be considered minor in comparison with 
tectonic and sediment loading. Therefore basin 
formation is considered to be initiated principally 
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kilometers, from ERCB data. 
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by tectonism and subsequently enhanced by 
sediment loading. In the case of the Alberta 
foreland basin, tectonism consists of deformation 
events in the Cordilleran Orogen which load the 
continental ithosphere. Major changes in mass 
accumulation rate (or basin capacity) are related to 
changes in tectonic load. The changes are enhanced 
by additional sediment loading. As major 
deformation is possible with little generation of 
topographic relief, the infilling sediment need not 
necessarily be orogen derived; only the space that 
accommodates major pulses of sediment is directly 
related to tectonism. 
To obtain a mass accumulation rate (Rm) for a 
specific rock unit, its thickness (Q) is multiplied by 
1 minus its porosity (n), to give solid thickness 
(Qs): 
Qs = Q (1- n) (1) 
The solid thickness is multiplied by the density (D) 
and divided by a representative time interval (T), to 
give a mass accumulation rate with units of 
mass/unit-area/Ma: 
QsD 
Rm - (2) 
T 
This is a measure of how quickly a particular unit 
accumulated in the basin. 
All parameters used to calculate mass 
accumulation rates, i.e., isopach, porosity, and solid 
rock density, were taken from the Alberta Energy 
Resources Conservation Board (ERCB) well data 
base, a public data repository. 
DATA BASES 
Three data subsets were defined: (1) a geological 
data set (Figure 2) containing the location of wells 
(21,841 wells used) and the elevations of the 
geological picks made from geophysical logs; the 
isopachs of each of the geological units are derived 
from this data set; (2) a porosity data set (which 
can be obtained either from standard core analysis 
or from drill stem tests; because of their large 
number (110,939) and accessibility, core analysis 
data were used); and (3) a solid grain density data 
set, obtained from standard core analysis data. 
Geological Data 
Nineteen units were defined, using two separate 
data bases. The Alberta Geological Survey Well 
Data Base (AGSWDB) is derived from ERCB 
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Fig. 2. Data distribution (AGSWDB well locations). 
picks, and contains stratigraphic information for 
wells drilled within Alberta. The Peace River Arch 
Well Data Base (PRAWDB) contains stratigraphic 
picks specific to the present study area, at a density 
of at least one well per township (10 x 10 km) 
where data is available. The PRAWDB was derived 
by the Petroleum Geology and Basin Analysis 
group of the Alberta Research Council from 
manual log analysis. 
On the basis of data consistency and the 
complexity of correlation, bounding horizons were 
selected for which data in both data bases are of 
comparable quality; these are the top of the 
Nordegg Formation and present-day ground 
surfaces. Because the Nordegg Formation subcrops 
at the pre-Cretaceous unconformity, it was 
combined with the pick for the top of the 
unconformity and mapped as a single lower 
bounding surface. The bounding surfaces are 
constrained by a large number of control points 
(21,841 for ground surface and 12,396 for Nordegg). 
The units between the ground and Nordegg 
surfaces are defined from the PRAWDB only. 
Structure surfaces for each of the units were 
determined using the stratigraphic picks data, and 
isopachs were generated by subtracting the 
structure surface at the base of a unit from the 
structure surface defining the top. 
Core Data 
Core data were chosen instead of log analysis to 
avoid bias introduced by log interpretation. The 
core data consist of a series of core analyses at 
various elevations for each land location. The 
parameters used are solid grain density and 
porosity. These are part of the ERCB data base 
and are included in the core analysis section of the 
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AGSWDB. For the Alberta portion of the study 
area, core analyses were extracted and allocated to 
the geological units defined. There are no public 
data available in electronic form for the British 
Columbia portion of the study area. 
Both solid grain density and porosity 
measurements were used for each plug within cored 
intervals and thus represent a point value in 
three-dimensional space. As a result, there are 
commonly several measurements recorded within a 
stratigraphic unit at the same land location. As a 
core analysis is representative of only a finite 
section of the total cored interval and as the data 
are scalar (i.e., not spatially dependent), a weighted 
arithmetic average was calculated. This ensured 
that the final data set contains only a single 
porosity or density value for each land location in 
each geologic unit, making the data amenable to 
ß 
mapping. 
MAPPING TECHNIQUE 
Maps were produced in two stages. The first 
stage, griding, transforms an irregular data 
distribution into a regular distribution of grid 
nodes; the second stage consists of contouring the 
grid. All grids and maps were derived using the 
SURFACE II software [Sampson, 1978] 
implemented on the Alberta Research Council 
computer system. The griding algorithm calculates a 
first-order trend surface at each of the data points, 
which is fitted to nearby data points found within a 
specified search radius. The trend surface is made 
to pass through the data point, thus becoming a 
least squares estimate of the dip of the surface at 
that data point. The dips from all the data points 
within the search radius are then projected onto the 
relevant grid node, using a distance-weighted 
average, and a value is calculated. The approach 
used is described by Bachu et al. [1987] and is 
similar for all data types. A minimum of 3 and a 
maximum of 6 data points were required within a 
10-node search radius (nodes on 5 km spacing) in 
order to assign a value to a node. Details of the 
calculations were given by Underschultz [1990]. 
Porosity Maps 
Porosity maps were created from vertically 
averaged core data, with the exception of the 
Puskwaskau, Shaftesbury, Lower Peace River, and 
Lower Spirit River units, which did not contain 
sufficient data to be gridded. In the absence of 
measured data, a trend surface was used as a 
default. The assumed porosity trend was calculated 
by averaging porosity trends from other 
shale-dominated units. The resulting surface 
permits an estimate of mass accumulation rates 
based on inferred porosity. 
Solid Thickness Maps 
A solid thickness contour is the equivalent of an 
isopach with the porosity contribution removed. A 
computer program was used which takes the 
isopach and porosity grids for each unit and 
multiplies the isopach value by 1 minus the porosity 
value at each node in the grid. The result is a grid 
of the solid thickness. In the case of the 
Puskwaskau, Shaftesbury, Lower Peace River, and 
Lower Spirit River units, the default porosity trend 
surface was used. 
Grain Density Maps 
Grain density (that is, solid grain density, not 
formation density which cannot be obtained from 
logs) data were mapped in a similar fashion to the 
porosity data. There are no grain density data for 
the Puskwaskau, Shaftesbury, Lower Peace River, 
and Lower Spirit River units. Because none of the 
grain density maps showed a distinctive trend 
(using a Piersons correlation coefficient between 
density and land location), a default density of 2664 
kg/m 3 was obtained by averaging densities of other 
shale units. There is such a small range in grain 
density that using a default value has a negligible 
effect on the calculated mass accumulation rate. 
This value was used to estimate mass accumulation 
rates for units lacking density data. 
Mass Accumulation Rate Maps 
The mass accumulation rate maps were produced 
using the solid thickness grids, the estimate of 
absolute age, and the density grids or default 
values. A computer program was written to 
combine the solid thickness grid, the density grid or 
default value, and the time interval. For each node, 
it multiplies solid thickness value by density value 
and divides by the specified time interval. It stores 
the result in a mass accumulation rate grid which is 
then contoured. 
ABSOLUTE AGE AND STRATIGRAPHIC 
CORRELATION 
The time scale of Kent and Gradstein [1985] was 
combined with stratigraphic correlation charts 
[Davies, 1986; D. Stott, personal communication, 
1989], and an absolute age was assigned to the top 
and base of each of the 19 units shown in Figure 3. 
The absolute age was estimated by matching the 
stratigraphic correlation chart with the absolute 
time scale. For units that have boundaries other 
than stage boundaries, absolute age was estimated 
by assuming equal intervals for substages [cf. 
Kauffman, 1977; Harland et al., 1982]. The equal 
intervals for substages are in turn based on equal 
intervals for biozones. 
372 Underschultz and Erdmer: Foreland Basin and Tectonic loading 
Peace River Arch 
study area Chronostratigraphic Un ts 
Unit name Series/stage Age System 
66.4 
Maastrichtian 
74.5 
U Puskwaskau Campanian 
Chinook 
84.0 
L Puskwaskau Santonian 
Badheart 87.5 
Muskiki Coniacian 
Card•um 88.5 
U Kaskapau Turonian 
Doe Creek 91.0 
Dunvegan Cenomanian o 
97.5 
Shaftesbury O 
Albian 
U Peace R•ver 
L Peace River 
U Spirit River 
L Spirit R•ver 
Bluesky 113.0 O 
Bullhead Aptian -- 
• 119.o 
Barremian 
124.0 
Hauterivian 
131.0 
Valanginian 
138.0 
Berriasian 
144.0 
Tithonian 
152.0 
Fern•e Kimmeridgian 
156.0 
Oxfordian 
Callovian 163.0 
169.0 Bathonian -- 
176.0 -.• 
Bajocian '- ,- 183.0 
Aalenian 
Toarcian 187.0 
193.0 
Pliensbachian 
198.0 
Nordegg Sinemurian o 
• 204.0 
Hettangian 208.0 
Fig. 3. Chronostratigraphic subdivisions for the Peace River Arch study area, with 
absolute ages in Ma [after Kent and Gradstein, 1985; Davies, 1986; and D. Stott, 
personal communication, 1989]. 
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There are thus two potential sources of error. 
The first is error associated with the age itself, 
which depends on the method used for age 
determination and ranges from 2.5 Ma to nearly 
zero. The maximum error associated with 
Cretaceous tage boundaries is +/- 4.5 Ma, for the 
Berriasian-Tithonian boundary [Palmer, 1983]. This 
error is likely to increase when calculating 
formation boundary ages using the assumption of 
equal length biozones. The error in absolute time 
introduces error in the accumulation rate, which 
decreases with increase in the time span of the 
unit. For units with a duration greater than 1.1 
m.y., error associated with the absolute age is small 
and does not affect significantly the calculated 
accumulation rate. For the six units with a duration 
of 1.1 m.y. or less (Bluesky, Lower Kaskapau, Doe 
Creek, Cardium, Muskiki, and Badheart), error 
would not change the results of the study even if it 
is large, as these units occur in groups, and in times 
preceding or following periods of intense 
deformation. From the observed range in 
accumulation rates for other units (2 x 103 to 224 x 
103 kg/m2/m.y.), there is a maximum limit to the 
possible error: first, it is improbable that any unit 
was deposited in 0.1 m.y. or less time, because the 
implied accumulation rate would be high (order of 
magnitude) for a foreland basin setting; second, if 
the time duration of a unit can only have significant 
error in the positive direction, it must affect its 
neighbour in the negative direction, making the 
latter's sedimentation rate too high; third, the 
dimension of interest is the length of time 
represented by the deposition of a unit, obtained by 
subtracting the age of the unit's top from the age of 
its base. This eliminates much of the error in the 
resultant time interval because similar error is 
commonly associated with both the top and base 
(i.e., if the age for the top and base of the Muskiki 
Formation are both incorrect by + 1.0 m.y., the time 
interval for the unit is unaffected). 
The second source of error is inherent to 
diachronous units. The only unit for which 
stratigraphic correlation shows measurable regional 
discrepancies is the Fernie Group, within the 
Jurassic portion of the column. The Fernie is not 
significantly diachronous in the study area. 
Although it spans up to 8 m.y. less time in adjacent 
areas, this is only 13.7 % of the unit's maximum 
duration and possible rror within the study area 
can be discounted. Other units do not show 
significant diachroneity at the scale of the study. 
The value assigned to a unit's duration is thus the 
best available estimate given the present state of 
knowledge of regional stratigraphic orrelations and 
biostratigraphy in the basin. Error associated with 
the time duration of a unit translates into only 
minor error in the accumulation rate. The general 
pattern of accumulation rates is not significantly 
altered by error on absolute ages. The average 
accumulation rates fall into three distinct groups 
separated by large gaps (see below), and it would 
take an unusually large error in absolute age to 
move a rate from one group to another. In 
addition, units which have short duration and could 
be most affected by dating error occur on the flanks 
of major sedimentation intervals, where a shift to 
high or low accumulation rate would not alter the 
overall pattern of sediment accumulation. As an 
example, the Cardium has been assigned a duration 
of 0.6 m.y. (Figure 3). It has been estimated to be 
up to 2.8 m.y. from other geological evidence [R. 
Walker, personal communication, 1989], making a 
maximum possible error of 2.2 m.y. As the 
neighbouring Muskiki Formation is Coniacian, and 
error on the Coniacian-Turonian boundary is only 
+/- 1.25 m.y., at least 1.0 m.y. could be removed 
from the Upper Kaskapau. The remaining 1.2 m.y. 
cannot be subtracted from the Muskiki or the 
Badheart, because they only represent 1.0 and 1.1 
m.y. each, thus it would have to be removed from 
the Lower Puskwaskau Formation. The result of 
increasing the Cardium to 2.8 m.y. would be to 
increase the accumulation rate of the Upper 
Kaskapau Formation, which is already in the high 
category, decrease the rate of the Cardium which 
already defines a period of quiescence, and increase 
the rate of the Lower Puskwaskau Formation from 
the base to the middle of the moderate category; 
this would only enhance the pattern already 
observed. 
MASS ACCUMULATION RATES 
The averaged accumulation rates fall into three 
categories. The first is greater than 148 x 103 
kg/m2/m.y., the second is between 73 x 103 and 115 
3 2 
x 10 kg/m/m.y., and the third is less than 35 x 103 
kg/m2/m.y., referred to as high, medium, and low 
categories, respectively. Mass accumulation rate 
maps track activity in the basin and adjacent 
deformed belt at the time of deposition; they bring 
out two significant features. The first is the trend of 
contours, which mirrors the geometry of maximum 
lithospheric flexure. The flexure geometry indicates 
the areas of the Cordillera which were actively 
deforming. The contours depict the style of 
deformation, as being either point loading or 
widespread loading along the deformed belt. The 
second feature is the magnitude of the 
accumulation rate. The most likely cause of an 
increased sedimentation rate in the foreland basin 
is the generation of new relief in the deformed belt. 
This loads the lithosphere, creating space for 
sediment accumulation, and may also provide a 
sedimentary source. 
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There is a finite lag time between deformation 
and resultant sedimentation. It is assumed that the 
lag is constant hrough time; therefore 
accumulation rates mirror directly the episodes of 
deformation in the orogen. We consider the finite 
lag time to be smaU, probably less than 0.5 m.y:, as 
the calculated accumulation rates have a resol'ution 
of that order. 
DISCUSSION 
During the development of its foreland basin, the 
Canadian Cordillera is:. interpreted to have 
deformed as a result of the docking and accretion 
of foreign terranes at the outboard edge of the 
continental margin [cf. Monger, 1984]. Convergent 
deformation loaded the craton, causing a downward 
flexure, and provided a western sedimentary source 
to fill the resulting basin. Three mass accumulation 
rate patterns dominate foreland basin:. units. The 
first is of contours co.ncentric to a Cordilleran point 
load (Figure 4), the result of sediment filling a 
localized depression generated by a restricted event. 
The second pattern has contours parallel to the 
strike of the Cordillera, indicating loading along the 
length of the deformed belt (Figure 5). A series of 
adjacent point load s generates a wedge-shaped 
lithospheric depression in which sediments 
accumulate. The third pattern develops during 
periods of relative quiescence in the Cordillera 
when little space is created by tectonism. During 
these times, sediments being shed from the craton 
give rise to relatively high accumulation rates in the 
eastern part of the study area (Figure 6):. 
Cyclic Nature of DeformattOn 
A cyclic pattern of accumulation emerges when' 
average accumulation rates in the •berta Basi n are 
pliotted against time (Figure 7). Two periods of 
rapid accumulation are evident, each reflecting an 
episode of intense deformation in the Cord;dlera; 
the first ranges from approximately 115 to 108 Ma, 
the second from approximately, 95 to 90 Ma. 
TWo-and-a-half deformation cycles can be defined• 
The first begins in the AptJan with deposition of
the Bullhead resulting from low deformation. 
Intense deformation then induces rapid 
sedimentation (Bluesky" and UPper SPirit River). 
The intense deformation isinterrupted by a short 
period of relative quiescence (Lower Spirit River). 
The first cycle terminates in'the lower Albian with 
a return to quiescence in the Cordillera and 
deposition of the Peace River Group. The 
Shaftesbury and Dunvegan were deposited during 
moderate deformation at the start of the second 
cycle. Three pulses of intense deformation then 
occur, corresponding to the Lower Kaskapau, 
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Fig. 4. Mass accumulation rate ((kg/m2/m.y.) x 10 3) for the Badheart FormatiOn; 
illustrating pattern for point loading. 
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Fig. 6. Mass accumulation rate ((kgjm2 jm.y.) x 103) for the Lower Peace River Group, 
illustrating pattern for periods of quiescence. 
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time. 
Upper Kaskapau, and Muskiki. The pulses are 
separated by short intervals of relative quiescence 
(Doe Creek and Cardium). The second cycle lasted 
until the end of the Coniacian, when the Cordillera 
returned again to a period of quiescence. The third 
cycle shows only the initial period of quiescence, as 
most of the strata representing the final episode of 
intense deformation were eroded. The depth of 
erosion has been estimated at 2 km [Magara, 1978], 
which suggests that the Paskapoo Formation 
represents the rapid deposition associated with the 
culmination of deformation during the third cycle. 
Each complete cycle consists of a period of low to 
moderate deformation followed by intense 
deformation. The intense deformation episode has 
a duration approximately half of that of the 
preceding phase of low to moderate deformation. 
Each episode of intense deformation is interrupted 
by short intervals of quiescence, shorter than the 
bounding periods of active deformation. The two 
major episodes of deformation, on a finer scale, 
consist of a series of pulses. This is similar to the 
two pulses of deformation (1.0 and 0.5 m.y. 
duration) observed in the Potwar region of the 
Himalayas [Johnson et al., 1986]. This suggests that 
intense deformation can be sustained for short 
periods of time only. 
Tectonism is initiated locally, builds to a 
culmination involving a large area with severe 
deformation, and wanes to less intense deformation 
in localized areas. For example, the Lower 
Kaskapau represents the first pulse of deformation 
in the second episode, and the load is restricted to 
a narrow zone between 55 ø and 56øN. The second 
pulse in this episode is represented by the Upper 
Kaskapau which shows a continuous load along its 
western margin. The accumulation rate for the 
Upper Kaskapau (210 x 103 kg/m2/m.y.) is greater 
than that for the Lower Kaskapau (186 x 103 
kg/m2/m.y.). The final pulse in the second episode 
is represented by the Muskiki, which shows only a 
localized load in the south, and an accumulation 
rate of 149 x 103 kg/m2/m.y., as deformation wanes. 
Johnson et al. [1986] have dated two deformation 
intervals recorded in the Himalayan foreland basin, 
from 4.5 to 3.5 Ma and 2.1 to 1.6 Ma, respectively. 
The second deformation interval has a duration of 
0.5 m.y. and is preceded by 1.4 m.y. of relative 
quiescence. This closely follows, on a smaller scale, 
the 2:1 ratio of quiescence to deformation apparent 
in the Canadian Cordillera. If the interpretation is 
correct, 4 to 6 m.y. of relative quiescence occurred 
prior to the first intense deformation. Further 
investigation is required to confirm the existence of 
the preceding period of low to moderate 
deformation. The deformation intervals of Johnson 
et al. [1986] resemble the pulses of deformation 
within a single deformation episode in the 
Canadian Cordillera. 
Predictions 
The foreland basin was initiated during the 
Middle to Late Jurassic as the result of 
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deformation along the newly convergent plate 
boundary. The Jurassic portion of the sedimentary 
record may contain extensive unconformities, which 
would result in lower-than-expected calculated mass 
accumulation rates. However, evidence indicates 
that only 2 km of erosion took place since 
maximum burial [Magara, 1978]. The Jurassic 
therefore must be characterized by at most 
moderate and, more likely, low sediment 
accumulation. This supports Stockmal and 
Beaumont's [1987] suggestion that a large load 
creates little or no topography if emplaced on a 
preexisting passive margin. 
The cyclic nature of Cordilleran deformation and 
the quantification of active and passive phases can 
be used to interpolate deformation for time periods 
where data are missing. In the study area, erosion 
has removed much of the sedimentary record since 
the late Campanian, making quantification difficult. 
The moderate deformation recorded up to upper 
Puskwaskau time is assumed to have prevailed until 
approximately 70 Ma, when the Pacific plate 
changed irection [Kononov, 1984] and the western 
margin of North America entered a transpressive 
regime. The period from the start of Badheart 
deposition until 70 Ma is approximately 20 m.y., 
with both moderate deformation and relative 
quiescence. From the observed 2:1 ratio (of 
quiescence to intense deformation), the following 
10 to 12 m.y. represent he final major period of 
deformation (Laramide Orogeny), resulting in the 
rapid deposition of the thick Paleocene Paskapoo 
Formation. This estimate of 70 to approximately 58 
Ma is in agreement with most estimates for the 
timing of the Laramide Orogeny and the 
development of the thrust-fold belt (Late 
Cretaceous to approximately 56 Ma, the age of 
widespread extension to the west). A model of 
tectonic evolution can be formulated for the 
Cordillera using mass accumulation rate patterns 
and magnitudes and regional geological 
relationships within the orogen (Figure 8). 
Cant and Stockmal [1989, p. 1973] have shown 
"an apparent correlation in time between the 
deposition of six discrete clastic wedges in the 
Alberta foreland and the accretion of two large 
composite terranes and four smaller discrete 
terranes in the Canadian Cordillera". Their 
interpretation is qualitative in the sense that the 
sedimentary response to deformation is not 
quantified, and only the present-day geometry and 
lithology of each clastic wedge is considered 
together with the estimated times of terrane 
accretion. The accumulation rate maps developed 
here expand on previous results. Cant and Stockmal 
[1989] inferred that the Bridge River terrane 
docked in Aptian-Albian time, following the 
collision of Terrane I [Monger, 1984] in the mid- 
Jurassic, and the Cascadia terrane during the 
Cenomanian. They proposed that the accretion of 
Terrane II [Monger, 1984] initiated deposition of 
the Belly River Formation in the Campanian, 
followed by the Pacific Rim-Chugach terrane in the 
Maastrichtian. From evidence obtained in this 
study, it is apparent that even though Terrane I 
docked initially in the Jurassic, a significant 
sedimentary response in the foreland basin within 
the study area is not seen until late Albian. We 
suggest that the Bridge River terrane alone is not 
responsible for the Early Cretaceous peak in 
sedimentation, but rather that it docked along 
Terrane I followed by outboard shifting of the 
subduction zone, resulting in intense deformation 
and amalgamation of a terrane complex which 
included both Terrane I and the Bridge River 
terrane. The accumulation rates indicate that major 
deformation resulting from the accretion of Terrane 
II occurred during the Turonian, somewhat earlier 
than proposed by Cant and Stockmal [1989]. From 
geological evidence in the Cordillera, Monger et al. 
[1982] infer a mid-Cretaceous accretion time. 
As unit thickness is the primary indication of 
mass accumulation rate, the accuracy of results 
presented here depends on the biostratigraphic 
delineation of the basin. Accuracy may increase 
when additional biostratigraphic data are available. 
In addition, the approach of defining the geological 
framework by sequence stratigraphy may prove 
effective in analyzing mass accumulation rates. This 
approach as been applied by other workers to 
selected stratigraphic intervals such as the Cardium 
and Viking formations and requires quite different 
internal correlations from the lithostratigraphic 
approach used here. It is unclear how significant 
these discrepancies of detail will become when 
scaled up to the dimensions of the basin. The 
lithostratigraphic delineation and the sequence 
stratigraphic delineation coincide in areas adjacent 
to the thrust-fold belt and progressively diverge 
eastward near the foreland margin of the basin. For 
the study area considered here, there is little 
conflict on the regional scale. 
CONCLUSIONS 
Foreland basin deposits in the Peace River Arch 
area can be classified into three groups from the 
magnitude of their rate of mass accumulation. The 
first have magnitudes greater than approximately 
3 2 150 x 10 kg/m/m.y., the second have magnitudes 
between 75 x 103 and 115 x 103 kg/m2/m.y., and the 
third have magnitudes less than 35 x 103 
kg/m2/m.y.. A cyclic pattern of sedimentation is 
observed when the mass accumulation rates are 
plotted against ime. A cycle lasts on the order of 
25 m.y., and consists of a period of quiescence, a
period of moderate sedimentation, and a period of 
rapid sedimentation. The period of rapid 
sedimentation is approximately half the duration of 
the preceding periods of quiescence and moderate 
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Fig. 8. Model of tectonic evolution based on observed mass accumulation rates. (a) From 
Cambrian to middle Jurassic time, the passive margin of western North American is 
dominated by carbonate deposition. (b) From middle Jurassic toearly Albian, foreign 
terranes, including the composite T rrane I [Monger, 1984], begin to accrete loosely 
along the craton; thrusting in the thrust and fold belt begins in the Middle Jurassic. This 
results in moderate to low topographic relief and the accumulation of Fernie and 
Bullhead Group sediment along the entire length of the study area. The initial stage of 
deformation represented bythe Fernie Group does not result in moderate to high (continued) 
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sedimentation combined. Rapid sedimentation 
occurs as a series of pulses ranging from 1 to 5 m.y. 
in duration, which are separated by typically shorter 
periods of quiescence. 
Two complete cycles of sedimentation and part of 
a third are preserved within the study area. The 
first cycle begins in the Aptian with the deposition 
of the Bullhead Group. Rapid sedimentation which 
may be associated with the accretion of a major 
terrane complex including Terrane I corresponds to 
deposition of the Bluesky Formation and Upper 
Spirit River Group. Lower and Upper Peace River 
Group sedimentation is dominated by easterly 
source regions during quiescence at the beginning 
of the second deformation cycle. The second cycle 
shows moderate sedimentation until 
mid-Cenomanian, when rapid sedimentation which 
may be associated with the accretion of a major 
terrane complex including Terrane II ended the 
cycle, corresponding to deposition of the Lower 
Kaskapau, Upper Kaskapau, and Muskiki 
formations. 
During an episode of intense deformation, pulses 
of intense deformation tend to initiate locally_ and 
expand 'm both area and intensity to involve larger 
portions of the deformed belt. Finally, deformation 
wanes to localized areas, before giving way to a 
period of quiescence. The Lower Kaskapau, Upper 
Kaskapau, and Muskiki units collectively may 
represent evidence of the building and waning 
trends during a intense deformation period. 
Even though it marks the start of Cordilleran 
deformation, the Fernie Group represents a [?eriod 
of low sediment accumulation rate (<35 x 10' 
kg/m2/m.y.). This confirms the observation of
Stockmal and Beaumont [1987] that a large load 
creates little or no topography if emplaced on a 
preexisting passive margin. Most workers agree that 
the accretion of Terrane I coincides with a 
sedimentary pulse in the Late Jurassic and Early 
Cretaceous. Similarly, Laramide deformation clearly 
coincides with uppermost Cretaceous and lower 
Tertiary sedimentation. However, no obvious 
sedimentary succession has been identified until 
now as corresponding to the accretion of Terrane II 
in mid-Cretaceous time. We think this is because 
the link was made on present-day geometry and 
lithology of sedimentary units. Following the 
suggestion by Cant and Stockmal [1989] that the 
uppermost Cretaceous sediments may be the result 
of this accretion event, we have quantified the 
sedimentary response in the basin and can 
demonstrate an order-of-magnitude increase in 
sedimentation in Middle and earliest Late 
Cretaceous time. This peak in sediment 
accumulation matches the accretion of Terrane I!. 
accumulation rates, as most of the deformation is accommodated below sea level on 
attenuated and structurally weak continental ithosphere. (c) From early to mid-Albian, 
outboard shifting of the subduction zone gives rise to an initial pulse of deformation 
along the length of the study area, followed by a short period of quiescence, and a 
second pulse of intense deformation in the southwest part of the study area. The first 
pulse of deformation results in deposition of the Bluesky Formation. The quiescence is 
indicated by the lower accumulation rate of the Lower Spirit River Group. The second 
pulse of deformation renews rapid sediment accumulation, with the Upper Spirit River 
Group. For the next 4.5 m.y., deformation all but ceases, leaving sedimentation to be 
dominated by only minor input from easterly sources (Lower and Upper Peace River 
groups). (d) Until mid-Cenomanian, only moderate deformation occurs as more foreign 
terranes, including the composite Terrane II [Monger 1984], accrete to the continental 
margin. During this period, initial topographic relief in the northern part of the study 
area gives rise to moderate accumulation (Shaftesbury Formation); deformation then 
migrates to a west central position as indicated by the accumulation pattern of the 
Dunvegan Formation. (e) From mid-Cenomanian to late Coniacian, outboard shifting of 
the subduction zone results in intense deformation. Deformation occurs in three pulses 
separated by short periods of quiescence. The first pulse is located in the west central 
part of the study area and is represented by the Lower Kaskapau Formation. The second 
pulse is more intense and more widespread, resulting in the deposition of the Upper 
Kaskapau Formation. The third pulse is less intense and more localized, confined to the 
southwest part of the study area and defined by the Muskiki Formation. Low to 
moderate deformation continues locally in the Cordillera until late Maastrichtian. At 70 
Ma, the motion of the Pacific plate changes to a northerly track and the new 
transpressive regime shuffles terranes along and further onto the edge of the continental 
margin. (f) Transpression and impingement of terranes lead to the development of the 
thrust and fold belt. The final period of intense deformation (Laramide Orogeny), which 
lasts throughout he Paleocene, results in deposition of the Paskapoo Formation. 
Diagrams are idealized (not to scale). 
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The cyclicity of lithospheric loading in the 
Canadian Cordillera is a consequence of 
deformation, possibly terrane accretion processes. 
The arrival of a terrane at the subduction zone 
does not necessarily coincide with its accretion to 
the craton and associated outboard shift of the 
subduction zone. As the cratonic loading history is 
controlled by the accretion and subsequent 
deformation of foreign terranes, docking time alone 
is not indicative of major deformation episodes; we 
suggest that foreland mass accumulation patterns 
provide a more accurate record. 
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